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Over the last 20 years, the geographic 
spread of ATREE’s work has expanded 
from the Western Ghats and Eastern 
Himalayas, to almost the entire coun-
try, and from forests, to grasslands, 
wetlands, and peri-urban landscapes. 
Alongside, the focus of our work has 
expanded from studying biodiversi-
ty to analyzing the biophysical and 
socioeconomic drivers of ecosystem 
change, and their implications for 
conservation and sustainable develop-
ment. Yet the core of what we do has 
remained the questioning and inter-
rogating of prevailing paradigms, and 
the production of rigorous interdis-
ciplinary knowledge that can inform 
civil society and policy makers. The 
present volume is an effort to share 
this 20-year history of ATREE.
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Going with the flow?  
Urban wastewater and livelihoods 
change in peri-urban Bengaluru
Bejoy K. Thomas, N. Deepthi and Priyanka Jamwal 
Megha Vishwanath
INTRODUCTION
As cities grow, peri-urban areas and surround-
ing villages undergo rapid changes in land 
use, environment and livelihoods. The con-
ventional view on change in peri-urban areas 
is one of shifts in livelihoods away from agri-
culture towards urban jobs, as well as keeping 
lands fallow, to be taken up by real estate or 
industries. Further, people in peri-urban areas 
experience huge changes in the nature of and 
control over local natural resources. This is 
particularly so in the case of water resources. 
The demand for water from expanding cities 
is often met by sourcing it from peri-urban 
areas. In addition, domestic sewage and in-
dustrial discharges from cities put pressure on 
lakes and rivers, and the impact of pollution is 
felt in surrounding landscapes. Planners and 
policymakers have been grappling with the 
implications of such transformations for both 
agricultural production and environmental 
sustainability. Here we examine the case of 
peri-urban Bengaluru to ask the questions: is 
abandoning agriculture inevitable in the wake 
of urbanisation or can there be other trajec-
tories? How have peri-urban farmers been 
responding to water pollution and changes in 
irrigation water quality?
The growth of Bengaluru has been especially 
significant, with the city population increas-
ing from 4 million in 1991 to 8 million in 2011 
and the area from 226 km2 in 1995 to 741 km2 
in 2007, due to a combination of factors such 
as natural growth, massive immigration and 
jurisdictional changes. The city has created 
opportunities for people in the neighbouring 
rural areas and there has been a steady move-
ment out of agriculture to non-agricultural 
and city-based jobs. We studied the impact of 
Bengaluru’s urbanisation on water resources 
and agriculture in the peri-urban areas taking 
the case of villages along two contrasting 
rivers downstream of Bengaluru viz., the 
Vrishabhavathy and Suvarnamukhi.
Vrishabhavathy and Suvarnamukhi catchments 
form part of the Arkavathy sub-basin, itself 
part of the larger Cauvery basin. A large portion 
of the Arkavathy sub-basin (with a catchment 
area of 4,169 km2), from which Bengaluru city 
used to draw its water previously, is currently 
dry, primarily due to declining groundwater lev-
els and cultivation of plantations, particularly 
eucalyptus, upstream (see Srinivasan et al, this 
volume). Bengaluru’s current water require-
ment, domestic as well as industrial, is met 
by groundwater and by pumping water from 
the	Cauvery	river.	This	results	in	a	return	flow,	
which keeps Vrishabhavathy perennial. Vrishab-
havathy (catchment area 561 km2), which origi-
nates inside the city, carries the city’s domestic 
waste as well as industrial waste from Peenya 
and Bidadi industrial areas (see Jamwal and 
Lele, this volume). The reservoir at Byraman-
gala on the Vrishabhavathy stores this water 
which is used by farmers downstream for irri-
gation through a canal system. Suvarnamukhi 
(catchment area 286 km2), on the other hand, 
fed by streams from the Bannerghatta forest, 
is relatively unpolluted, and unlike most other 
streams	in	the	Arkavathy	basin,	flows	for	most	
part of the year, except in peak summer.
We used a two-stage analysis to assess the ex-
tent of urbanisation and the impact on agrar-
ian livelihoods and water resources in the two 
catchments. In the first stage, we analysed 
census data. In the second stage, we select-
ed six villages lying along the river course, 
three each from the Vrishabhavathy and 
Suvarnamukhi catchments, for field research, 
conducted in 2013. Field research involved 
participatory rural appraisal tools, question-
naire surveys and water quality testing.  
QUITTING OR STAYING IN  
AGRICULTURE?
Our analysis of census data (1991, 2001 and 
2011) showed that on the whole, there has 
been a clear shift from agriculture to non-ag-
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ricultural employment in villages falling in 
both the Vrishabhavathy and Suvarnamukhi 
catchments during the last two decades. Con-
trary to this trend, livelihoods in the villages 
along the course of the Vrishabhavathy river, 
and in the command area of Byramangala 
reservoir, still centred around agriculture. 
While it is natural to point to availability of 
water for irrigation as the reason for this, a 
similar preference for agriculture was not evi-
dent in villages along the Suvarnamukhi river 
just a few kilometres away, which were not as 
water abundant, but were by no means water 
scarce. We explored this issue in detail.
We examined the trend in ‘extent of urbani-
sation’ in Vrishabhavathy and Suvarnamukhi 
catchments in census villages downstream of 
the points where Vrishabhavathy and Suvar-
namukhi exit the Bruhat Bengaluru Mahana-
gara Palike (BBMP) area (figure 1). We defined 
‘extent of urbanisation’ as the proportion of 
non-agricultural workforce to total workforce, 
classifying villages where more than 30% of 
the workforce is employed in non-agricul-
tural occupations as urbanised. We included 
farming, farm-labour, dairying and sericulture 
in agricultural work. Other jobs, whether city-
based, or in industrial areas close by, were 
considered non-agricultural. We drew upon 
census data for the years 1991, 2001 and 2011 
to create the maps. As the figure shows, over 
the period 1991–2011, there is a sharp increase 
in the number of villages across both catch-
ments where more than 30% of the working 
population is engaged in non-agricultural 
employment. Interestingly, the villages where 
agriculture is still the mainstay are concen-
trated around the Vrishabhavathy, especially 
in the Byramangala command area.
Figure 1: Trends in the proportion of agricultural cf non-agricultural employment in Vrishabhavathy 
and Suvarnamukhi river catchments (based on an analysis of census data from 1991-2011). Agricul-
tural employment included farming, farm-labour, dairying and sericulture; non-agricultural employ-
ment included jobs in the city, or in nearby industrial areas. (Source: Village boundaries and classifi-
cation are based on census data for respective years, mapped at the Ecoinformatics Lab, ATREE)
Of the three villages that we had selected 
for detailed study along the Vrishabhavathy, 
none had moved away from agriculture (using 
the 30%	cut	off,	based	on	census	data)	during	
the period 1991–2001, and just one moved to 
non-agricultural employment during the period 
2001–2011. On the contrary, along the Suvar-
namukhi river, just one village of the three was 
urbanised in 1991, and over the next decade 
(1991–2001), all three had more than 30% of 
working population employed in non-agricul-
tural jobs. Our survey data showed a similar 
trend, with the number of households engaged 
in non-agricultural jobs increasing from 11% 
to 27% in Vrishabhavathy villages, and 4% to 
38% in Suvarnamukhi villages during the period 
between the early 1990s to the present.
A possible ‘biophysical’ explanation for the 
movement out of agriculture in the Suvar-
namukhi catchment would be lack of avail-
ability or access to water. However, even as 
we found increased groundwater dependence 
(largely a 1990s trend), gradual increase in 
depth at which water was first sighted in bore-
wells, and several instances of failed borewells 
in the 1990–2013 period, both the Vrishabha-
vathy and Suvarnamukhi catchments are bet-
ter endowed with irrigation water compared 
to the rest of the Arkavathy sub-basin.
Census (village amenities) figures showed that 
the total irrigated area increased from 17% 
to 28% in Suvarnamukhi catchment and from 
19% to 28% in Vrishabhavathy catchment, 
during 1991–2001 (data from 2011 census 
was not available). Of the total irrigated area, 
surface water (river) irrigated area constitut-
ed 42% in the Suvarnamukhi catchment in 
1991, declining to 35% in 2001. In the Vrish-
abhavathy catchment, there was a marginal 
decline in surface-water irrigated area from 
57% in 1991 to 54% in 2001. Our survey data 
also showed a similar picture as the census 
with respect to irrigation. Irrigated area con-
stituted 86.5% of the total area cultivated by 
households we surveyed in the three Vrishab-
havathy villages in 2013, and the correspond-
ing figure for the three Suvarnamukhi villages 
was 68%. Of the total irrigated area, 66% in 
the Vrishabhavathy villages and 38.5% in the 
Suvarnamukhi villages used surface water.
There is apparently little variation in irrigation 
water availability between villages in the two 
catchments that we surveyed. Our household 
surveys showed that the depth at which water 
was found in recently drilled borewells (drilled 
between 2008 and 2013) for agricultural house-
holds was in the range of 36.5 to 121 m (120 to 
400 ft) in the Vrishabhavathy villages and 38 to 
121 m (125 to 400 ft) in the Suvarnamukhi vil-
lages. Most Vrishabhavathy villages, especially 
the ones in the command area of Byramanga-
la reservoir, cultivate monsoon and summer 
crops, as do some in the Suvarnamukhi catch-
ment, particularly the downstream villages.
Interestingly then, households have been 
gradually quitting agriculture post-1990 in the 
Suvarnamukhi catchment, although there has 
not been a drastic decline in water availability. 
On the other hand, the Vrishabhavathy villages 
saw households largely staying in agriculture, 
despite being more or less similar to the Suvar-
namukhi villages in proximity and exposure to 
the	city.	What	might	explain	this	difference	in	
trajectories and responses to urbanisation?
Wastewater irrigation in the Byramangala com-
mand area. (Photo: Nakul Heble)
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CROPPING PATTERN IN VRISHAB-
HAVATHY VILLAGES, 1990–2013
Cropping pattern in both Vrishabhavathy and 
Suvarnamukhi villages were comparable till 
the 1990s. From our households’ survey, we 
found that in 1990, ragi (finger millet) and 
paddy used to be grown in 70% of the area 
under cultivation in Vrishabhavathy villages 
and 79% in Suvarnamukhi villages. The qual-
ity of water in Vrishabhavathy began eroding 
steadily during the 1990s with the expansion 
of Bengaluru and the establishment of new 
industrial areas upstream in the Vrishab-
havathy catchment. Surface water, as well 
as groundwater, were affected. There was 
substantial reduction in returns from crops 
such as paddy and sugarcane cultivated in 
poor quality water, compared to good quality 
water. Studies have also established heavy 
metal contamination in water in Byramangala 
reservoir and command area, resulting from 
the mixing of industrial waste with domestic 
sewage (see Jamwal & Lele, this volume).
  While water quality deteriorated and made 
cultivation of sugarcane and paddy difficult, 
farmers adapted by trying out other crops 
that could withstand and gain from the nutri-
ent-rich wastewater. Baby corn, a high value 
commercial crop, proved successful, catering 
to the growing demand in the Bengaluru 
metropolis and elsewhere, and bringing in 
steady returns to the farmers. The production 
and procurement of baby corn in Vrishab-
havathy villages was facilitated by private 
agencies such as the Namdhari Seeds Group, 
which owns the Namdhari’s Fresh supermar-
ket chain. Baby corn is a post-2000 phenome-
non, with the earliest baby corn farmer in our 
sample reporting having started cultivation in 
2002. In 2013, baby corn occupied as much as 
20% of the area cultivated by our respondents 
in Vrishabhavathy catchment (nil in 1990), 
and another commercial crop, mulberry, used 
for sericulture, occupied 22% (6% in 1990). 
With water not suitable for cultivation, many 
farmers resorted to growing fodder, which oc-
cupied close to 9% of cultivated area in 2013. 
Between 1990 and 2013, the area under ragi 
and paddy registered a massive decline from 
70% to 27%. As we noted earlier, the crops 
are irrigated, largely by surface water. The 
nutrient-rich and perennial Vrishabhavathy, 
along with a steady and growing market for 
commercial crops, has kept the villages in the 
Vrishabhavathy catchment in agriculture.
Suvarnamukhi villages have also seen a move 
away from ragi and paddy, the area of which 
declined from 79% to 45% during 1990–2013, 
but not as much as in Vrishabhavathy catch-
ment. The decline has been made up by crops 
including coconut (nil in 1990 and 17% in 2013) 
and mulberry (2% in 1990 and 12% in 2013). 
Ragi and paddy require high labour input and 
are grown nowadays mostly for their own 
consumption. Agriculture is a viable option in 
Suvarnamukhi villages, but not as attractive 
as non-agricultural employment in the city 
or in the industrial areas close by. Over time, 
the region has witnessed a shift towards less 
labour-intensive crops, and in general, a move 
out of agriculture as we noted earlier. Of our 
sample households, 55% in the three Vrishab-
havathy villages, and 28% in the Suvarnamukhi 
villages, attributed the reason for crop change 
to better income, while the responses did not 
vary much with regards to water availability as 
a factor leading to crop change (14% in Vrish-
abhavathy and 15% in Suvarnamukhi). Paddy 
(54%) was seen to be the most adversely im-
pacted by deteriorating water quality amongst 
respondents in the Vrishabhavathy villages. On 
the other hand, fodder (44%), input for dairy-
ing, which has become a major activity in the 
region during the past several years, and baby 
corn (37%),	were	viewed	as	having	benefitted	
from wastewater irrigation.
IMPACT OF WASTEWATER  
AGRICULTURE
Deteriorating water quality in the Byraman-
gala reservoir and Vrishabhavathy river has 
been a topic of discussion in the popular 
press and civil society circles for some time 
now. Our research looked at the reasons for 
this and the extent of contamination. Results 
from our assessment of the Vrishabhavathy 
valley wastewater treatment plant showed 
that there was no positive impact of treated 
effluent discharge on river water quality. 
Thus, the wastewater being used for irriga-
tion largely consists of untreated sewage.
One third of all farm households that we sur-
veyed in the Vrishabhavathy villages reported 
skin ailments (and unsurprisingly, none in 
the Suvarnamukhi villages), which could be 
attributed to the contaminated water they 
use for cultivation. While the farmers and 
residents in the villages are concerned about 
the visibly bad water, the never-ending stink, 
and mosquito menace, they seem to be obliv-
ious to a more serious threat that is lurking in 
the background. We tested for heavy metal 
concentrations in milk, vegetables, ground-
water (used for drinking), and irrigation 
water, in the villages where we carried out 
the household survey, and found that 98% 
of irrigation water samples, 68% of drinking 
water samples, 77% of vegetable samples, 
and 85% of milk samples exceeded limits 
prescribed by existing standards. The impact 
of industrial waste and heavy metal contam-
ination on human health will not be visible as 
skin ailments are, but will be apparent only in 
the long term. Even when the levels of heavy 
metals may not be above the standards in all 
the sites and for all the samples, there are 
multiple channels through which they enter 
the human body, such as water, vegetables, 
and milk, all consumed by the same person, 
which can have a cumulative impact.
Heavy metal contamination may have already 
entered the food chain, thereby posing a 
health risk to consumers of vegetables, and 
milk produced by cows feeding on fodder 
grown in contaminated water. It is important 
to conduct a systematic assessment of health 
risk to farmers in the region, and to urban 
consumers of farm produce. Epidemiological 
studies can throw light on the severity of the 
problem and make clear the impact of waste-
water irrigation on human health.
FINAL REMARKS
The contrasting experience of Vrishabha-
vathy and Suvarnamukhi villages offer some 
interesting pointers in conceptualising re-
sponses of peri-urban agrarian communities 
to urbanisation as well as in planning water 
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management in such settings. While peri-ur-
ban areas are witnessing tremendous social 
and economic change, explanations for these 
changes are varied in the scholarly literature. 
A classical political economy approach would 
characterise the change in terms of chang-
ing agrarian relations (e.g., land ownership, 
tenure), whereas a development perspective 
would view it in terms of livelihoods change 
(e.g., migration, diversification). What has 
been overlooked in these approaches are 
the environmental factors that might have 
triggered the change. Even while they are 
acknowledged, they either do not figure 
prominently in the analytical schemes or 
get subsumed under other systemic factors. 
While the Suvarnamukhi villages followed 
the conventional narrative that urbanisation 
leads to abandoning of agriculture, the farm-
ers in villages fed by Vrishabhavathy adapted 
to changes brought about by the expanding 
city and largely stayed in agriculture. What 
has made the difference is the availability of 
nutrient-rich urban wastewater. A fuller ex-
planation of the transformation that peri-ur-
ban areas downstream of Vrishabhavathy 
and Suvarnamukhi rivers have undergone is 
possible by combining insights from the three 
modes of thinking—classical agrarian, live-
lihoods, and environmental—perhaps under 
the umbrella of political ecology.
The response of farmers in Vrishabhavathy 
villages raises questions of values, interests, 
and institutions. First, wastewater reuse has 
become a feature of peri-urban agriculture with 
many scholars and agencies actively advocat-
ing it. The framing of the problem seems to 
centre around the inevitability of urbanisation 
and the dependence of the peripheries on the 
urban core. The Vrishabhavathy farmers seem 
to have successfully adapted to the changes 
triggered by Bengaluru’s growth, by experi-
menting with and eventually switching to dif-
ferent	and	more	economically	profitable	crops.	
However, whose adaptation are we talking 
about if, as we saw, irrigation using heavy-met-
al-laden wastewater poses risk to the health of 
farmers and agricultural labourers who work in 
contaminated water, putting their well-being 
and sustainability of the practice in question? In 
addition, it is also possible that the urban con-
sumers of farm produce, such as baby corn, are 
also not spared, and the contamination comes 
back to them through the food chain.
Second, planners need to be mindful of the 
multiple actors and competing interests at 
various scales, city/village and state, catch-
ment/sub-basin and basin, while attempting 
to address issues of water management across 
the urban, peri-urban, and rural continuum. 
Wastewater reuse is a stated objective of many 
urban administrative and water supply bodies, 
including the Bengaluru Water Supply and 
Sewerage Board (BWSSB). Improvements in 
wastewater treatment infrastructure and sup-
ply may enhance the demand for treated water 
in urban centres. This, in turn, will deprive the 
peri-urban and rural users downstream of irri-
gation water. In the case of Bengaluru, waste-
water reuse in the city will considerably reduce 
the	flows	in	Vrishabhavathy,	affecting	agricul-
ture, and thereby livelihoods, of farmers in the 
command area of the Byramangala reservoir. 
Reduced	flows	would	also	mean	increased	con-
Byramangala reservoir, from where Bengaluru’s 
wastewater flows downstream for irrigation 
through canals. Note the froth visible at the 
outlet of the reservoir. (Photo: T. Md. Zuhail)
centration of contaminants, aggravating health 
risk. Wastewater reuse upstream becomes 
especially complex when inter-state commit-
ments and political interests are involved as in 
the case of Bengaluru. Vrishabhavathy is fed 
mostly	by	return	flows	of	Cauvery	supply,	and	
in the event of massive recycling upstream, 
and	reduced	flows,	Bengaluru	may	not	be	able	
to meet the obligations under the inter-state 
Cauvery Water Disputes Tribunal (CWDT).
Third, there are several institutional challeng-
es to be addressed if wastewater reuse is to 
become a viable option for the future. Facilities 
for wastewater treatment in cities and newly 
emerging urban areas are grossly inadequate 
compared to the quantum of wastewater gen-
erated. There is often no separation between 
domestic and industrial wastewater and both 
get mixed as in the case of the Byramangala 
reservoir in the Vrishabhavathy stream. Cities 
are home to numerous small-scale industrial 
units, several of which do not end up in the 
official	lists	of	pollution	control	agencies.	Even	
when they do, it is not economically feasible 
for them to set up an in-house pollution control 
infrastructure.	The	idea	of	Common	Effluent	
Treatment Plants (CETPs) initiated to address 
this problem has met with limited uptake. 
Wastewater irrigation would be viable only 
when	cities	are	able	to	separate	industrial	efflu-
ents that cause health hazards, from sewage, 
which	has	potential	benefits	in	irrigation.
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